Global left ventricular (LV) systolic dysfunction is the strongest predictor of morbidity and mortality in Chagas
Brain natriuretic peptide (BNP) is a neurohormone of cardiac origin that has been recently described as a diagnostic and prognostic marker for patients with congestive heart failure (Clerico et al. 2000 , Cheng et al. 2001 , Dao et al. 2001 ). This peptide is synthesized and stored mainly in cardiac ventricles. Increased synthesis and release of BNP occur in response to ventricular volume expansion and pressure overload (Silberbach & Roberts 2001) . Functionally, it promotes diuresis, natriuresis, peripheral vasodilatation, renin angiotensin-aldosterone system inhibition and sympathetic nervous system inhibition and ameliorates some clinical manifestations caused by heart failure regardless of origin (Kuster et al. 2003) .
Heart disease secondary to a progressive and chronic myocarditis is the most important clinical manifestation of Trypanosoma cruzi infection, the causative agent of Chagas disease. Chronic chagasic cardiomyopathy (CCC) is characterized by a wide variety of anatomical and electrophysiological alterations that are accompanied by frequent atrial and ventricular arrhythmias. The severity of ventricular arrhythmias tends to correlate with the degree of left ventricular dysfunction . Indeed, global left ventricular systolic dysfunction is the strongest predictor of morbidity and mortality in Chagas disease (Carrasco et al. 1994 , Mady et al. 1994 . Early diagnosis of systolic dysfunction may identify patients who would benefit from aggressive medical therapy.
Echocardiography is commonly used in the noninvasive assessment of chagasic cardiomyopathy (Bestetti 2001 , Perez et al. 2003 . However, due to the relative high cost of the equipment and trained personnel involved, alternative low cost methods are desirable to diagnose ventricular dysfunction in chagasic patients. Recently, our group demonstrated that an elevation of BNP concentration in blood was a reliable indicator of systolic left ventricular dysfunction. In patients with abnormal electrocardiogram (ECG) and/or chest XRay, BNP elevation had a positive predictive value of 80% and a negative predictive value of 97% to diagnose left ventricular dysfunction (Ribeiro et al. 2002b ). The present study had two main objectives. First, we sought to evaluate the relationship between plasma concentrations of BNP and left ventricular ejection fraction, left ventricular diastolic diameter and the incidence of ventricular premature complexes in 24 h. Second, we aimed at confirming the ability of BNP to diagnose ventricular dysfunction in patients with chagasic heart disease.
MATERIALS AND METHODS
Patients and study design -Studies described here received ethical clearance from the Institutional Review Board of Universidade Federal de Minas Gerais. The diagnosis of Chagas disease was based on the presence of at least two positive serological examinations using distinct techniques (ELISA, indirect hemaglutination or indirect immunofluorescence) in an individual with a relevant epidemiological history. Non-infected individuals had three negative serological examinations. All individuals were recruited and evaluated clinically at the Center for Reference and Treatment of Infectious Diseases (CTR-DIP) at Hospital das Clinicas, Universidade Federal de Minas Gerais, where they underwent a complete clinical examination and performed the following laboratory workup: complete blood count, free T4, TSH, glucose, potassium, creatinine, blood urea nitrogen, electrocardiogram, chest X-ray, a 24 h Holter examination and echocardiography. Patients with hypertension, diabetes, thyroid or renal disturbances or any other cardiac or systemic diseases and those using steroidal drugs were excluded from this study.
The left ventricular ejection fraction (LVEF) was obtained through Simpson's method using the software provided with the equipment by an observer blinded to the clinical status . Twenty-four-hour Holter monitoring was performed using a portable three-channel cassette tape recorder (Dynamis, Cardios, São Paulo, Brazil) (Ribeiro et al. 2002a ). Patients were encouraged to continue with their normal everyday activities during the recordings, with the avoidance of physical exercise or drugs that could interfere with autonomic function. Analysis of the tapes was performed when at least 18 h of high quality tracings were available. The recordings were analyzed on a Burdick/DMI Hospital Holter System (Spacelabs Burdick, Deerfield, Wisconsin) by a semi-automatic technique. Minimal means and maximal heart rate, the number of ectopic ventricular and supraventricular beats, the occurrence of pauses and heart blocks were recorded. In this study, ventricular tachyarrhythmia (see Fig. 3 ) was defined as the occurrence of one or more episodes of ventricular tachycardia during 24 h Holter monitoring.
Chagasic patients were prospectively categorized into two groups according to the degree of heart dysfunction: mild CCC and severe CCC. This classification was made by investigators blinded to results of BNP testing. Patients were classified as mild CCC (n = 23) if they had a normal EKG and chest X-ray and no more than minor alterations in their echocardiogram (eg. regional wall motion abnormalities). These patients would be classified as indeterminate form or CCC1, respectively, according to previously published clinical criteria from our group . Patients with severe CCC (n = 40) were those with severe conduction defects (i.e. left bundle branch block, left anterior branch hemiblock with right bundle branch block or total atrioventricular block) or ventricular enlargement, as observed on the echocardiogram. The latter patients would be classified as CCC4 or CCC5, respectively, according to previously published clinical criteria from our group . The control group consisted of 18 non-infected healthy individuals (Table I) .
In order to confirm our previous study, chagasic patients were classified as having significant left ventricular systolic dysfunction if LVEF was ≤ 0.40. This cutoff point was chosen since it has been previously used in other clinical trials performed in patients with LV dysfunction (Ribeiro et al. 2002a ).
Measurement of BNP -A sample of blood (5 ml) was collected by a trained technician into tubes containing potassium EDTA (1 mg/ml of blood). Samples were centrifuged (3000 g for 10 min) and plasma obtained and frozen at -80 o C until further analysis. Frozen specimens were shipped to UT Southwestern Medical Center (Dallas, TX) where BNP was measured from thawed samples using the Triage BNP test (Biosite Inc., US), by investigators blinded to clinical data. The Triage BNP test is a fluorescence immunoassay for the quantitative determination of BNP in plasma specimens. Precision, analytical sensitivity and stability characteristics of the system have been previously described . The measurable range of the BNP assay was 5.0 to 1 300.0 pg/ml.
Statistical analysis -Data were expressed as mean ± standard error or proportions and were compared among groups using ANOVA with Fisher multiple comparisons procedure or the Chi square test for 2 x k contingency tables, with Bonferroni correction. Logarithm transformation of non-normal or heteroscedatic data was performed to allow subsequent analysis. Pearson's coefficients were used to measure correlations between variables controlled, when necessary, for the effects of one or more additional variables. Linear regression analysis was performed to describe relationship between variables further. A p value < 0.05 was considered significant. The diagnostic performance of the BNP values in the diagnosis of LV systolic dysfunction in the Chagas disease population was evaluated using the receiver-operator-characteristic (ROC) curve, obtained using the software Analyse-it (Leeds, England). In brief, the ROC curve is a plot of the sensitivity of a test versus its false-positive rate (1 -specificity) for all possible cut points. The area under the curve, ranging from '0' to '1', provides a measure of the overall diagnostic accuracy of the test, that is, the ability of the test to correctly classify those with and without the disease. The other analyses were performed using statistical programs PRISM (GraphPad, San Diego, CA, US) and SPSS 10.0 (Chicago, IL, US).
RESULTS
The clinical characteristics of chagasic patients and non-infected individuals are shown in Table I . There was no significant difference in the sex distribution between the groups but non-infected individuals were slightly younger than patients with mild disease. Nevertheless, individuals infected with T. cruzi and with the mild form of CCC had essentially similar functional cardiovascular parameters as non-infected individuals. Patients with severe CCC had marked cardiovascular dysfunction with higher New York Heart Association (NYHA) classification, lower ejection fraction, greater left ventricular diameter and frequent presence of ventricular premature complexes in 24 h (Table I ).
The concentrations of BNP in plasma of chagasic and non-infected individuals distributed according to the functional NYHA classification is shown in Fig. 1A . There is a clear increase in BNP concentrations with the worsening of functional capacity. BNP levels were lowest among noninfected individuals, intermediate among those with mild CCC and highest among patients with severe infection (Fig. 1B) . Of note, the majority (85%) of patients with severe CCC were NYHA class I or II. Plasma BNP was also correlated with left ventricular ejection fraction, the left ventricle diameter and the number of ventricular premature complexes at 24 h (Table II) .
The plasma concentration of BNP in patients with apical aneurysm and no episodes of non-sustained ventricular tachycardia was similar to that of non-infected individuals (Fig. 2) . However, BNP concentrations were elevated among patients with apical aneurysm and nonsustained ventricular tachycardia (Fig. 2) . Fig. 3 shows the ROC curve for various concentrations of BNP in the diagnosis of LV dysfunction in the Chagas disease population: the area under the curve was 0.92 ± 0.03, indicating an excellent diagnostic performance. Values are shown as mean ± SD. LVEF: left ventricle ejection fraction; LVDD: left ventricle diastolic diameter; NVPC: number of ventricular premature complexes in 24 h; a: P < 0.01 when compared to non-infected; b: P < 0.01 when compared to mild CCC. Non-normally distributed data were transformed before performing ANOVA and means comparisons. non-infected individuals. * P < 0.05 when compared to non-infected individuals and # P < 0.05 when compared to mild chronic chagasic cardiomyopathy. Fig. 2 : concentrations of brain natriuretic peptide (BNP) in plasma of chagasic patients with apical aneurysm. * P < 0.05 when individuals with apical aneurysm associated with tachyarrhythmia (n = 10) were compared to non-infected individuals (n = 18) and # P < 0.05 when they were compared to patients with apical lesions alone (n = 6).
An elevated concentration of BNP, defined as concentrations of 60 pg/ml or more, had a sensitivity of 91.7%, specificity of 82.8%, positive predictive value of 52.4% and negative predictive value of 98% for detecting LV dysfunction.
DISCUSSION
Natriuretic peptides constitute a system of hormones shown to have diagnostic and prognostic value in patients with congestive heart failure (Clerico et al. 2000 , Cheng et al. 2001 , Dao et al. 2001 . Chagasic cardiomyopathy is a quiescent, developmental and complex disease induced in 30-40% of individuals infected by T. cruzi. Affected patients may develop mild, moderate or severe heart disease that will influence in the life span of patients. It is possible that an early diagnosis of heart failure may identify a group of patients that will benefit the most from aggressive medical therapy, although this remains to be determined. Echocardiography is considered the gold standard for the detection of left ventricular dysfunction, but it is relatively costly and not always available in endemic areas where chagasic cardiomyopathy is most common. For this reason, the development of a simple and inexpensive detection method for left ventricular dysfunction in Chagas disease is desirable. At least one study has demonstrated the potential of BNP as a sensitive and specific tool in the diagnosis of heart failure in patients with CCC (Ribeiro et al. 2002b) . In the present study, we expand and confirm this previous observation and describe the marked correlation between plasma concentrations of BNP and indices of heart function in chagasic individuals. For the studies described herewith, an internationally acceptable BNP measurement test was used confirming an excellent diagnostic performance in the detection of LV systolic dysfunction (area under the ROC curve was above 0.9). Indeed, the negative predictive value of 98% indicates that a low BNP value indicates a very low probability of LV dysfunction. Moreover, we confirmed that the ideal cutoff point of BNP levels might vary with the measurement method employed and with the outcome of interest (Ribeiro et al. 2002b .
The association between BNP concentrations in plasma and the functional NYHA classification of patients was remarkably similar to that already described in other cardiomyopathies (Maeda et al. 1998 . Moreover, there was a good correlation between concentrations of BNP in plasma and the left ventricle ejection fraction or the left ventricle end-diastolic diameter. Patients with milder forms of Chagas cardiomyopathy showed slightly elevated concentrations of BNP, when compared to controls (see Fig. 1B ), confirming that there is a progressive elevation of BNP levels with decreasing left ventricular performance (Ribeiro et al. 2002b) . Thus, our studies clearly demonstrate the correlation between BNP levels and the severity of heart failure of chagasic etiology, as it has been demonstrated for heart failure due to other diseases (de Lemos et al. 2001 .
Another interesting finding of our study was the detection of higher concentrations of BNP in patients with apical aneurysm and complex ventricular arrhythmia than in those with apical aneurysm alone. A thinning of the wall localized on the apex of left ventricle (the so called apical lesion), with or without thrombus, is a common finding in Chagas disease, even in patients with less severe forms of CCC (Prata 2001) . Complex tachyarrhythmic events are a frequent complication of patients with apical lesions and ventricular dysfunction (Prata 2001) . In our study, elevated BNP concentrations were only detected in the latter patients, in whom the ejection fraction was lower. The results once again demonstrate the potential value of BNP in detecting heart failure in chagasic patients and the possible usefulness of BNP measurements in the follow-up of these individuals.
The main stimulus for the increase of BNP synthesis appears to be the stretch of cardiomyocytes by the increased wall stress that occurs in heart failure (Deo & de Lemos 2003) . Of note, the nucleic acid sequence of the BNP gene contains the destabilizing sequence "tatttat", which suggests that the turnover of BNP messenger RNA is high and that BNP is synthesized in bursts, differently from atrial natriuretic peptide, which is synthesized and stored in granules within the atria (Nakagawa et al. 1995 , Villacorta et al. 2002 . For the latter reasons, BNP has a short half-life, around 22 min , and its determination represents a more dynamic parameter of cardiac function. In such way, it is likely that BNP may not only be useful to detect heart failure, but may also be useful in the follow-up of the response of patients to medical treatment of heart failure, although this remains to be determined in Chagas disease.
In summary, our results suggest that the measurement of the BNP concentration in plasma using a simple, relatively inexpensive and rapid test improves the ability of clinicians to detect heart failure and severe cardiac manifestations in chagasic patients. In the context of Chagas disease, heart failure diagnosis identifies patients with greater risk of severe arrhythmias and sudden death and shorter survival. Such patients may benefit the most from aggressive medical therapy of heart failure. Equally important, patients with T. cruzi infection who have a BNP level below 60 pg/ml appear to have a very low likelihood of severe cardiac involvement, and echocardiography is probably not necessary. 
